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The species composition of plant assemblages can in large part be explained by a long history of
biogeographic and evolutionary events. Over the past decade, botanists and plant ecologists have
increasingly sought to quantify phylogenetic signal in ecological traits to help inform their inferences
regarding the mechanisms driving plant assemblages. However, most studies with a test of phylogenetic
signal in the ecological traits have focused on a local scale, while comparatively few studies have been
carried out on a regional scale. In this study, I presented a family-level phylogeny and a genus-level
phylogeny that included all families and genera of extant seed plants in China, and use both phylog-
enies to examine whether areal-types or distribution patterns of families and genera of seed plants are
non-randomly distributed across the Chinese tree of life. My study shows that the areal-types of families
and genera of seed plants exhibit signiﬁcant phylogenetic signal across the family- or genus-level phy-
logeny of seed plants in China.
Copyright © 2016 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).The species composition of plant assemblages is largely deter-
mined by a long history of biogeographic and evolutionary pro-
cesses (Webb et al., 2002). Analyses of the composition and
assembly of plant assemblages that only focus on present day and
local-scale ecological interactions are therefore incomplete and can
not successfully explain the primary reasons why plant species
composition varies across regions (Swenson, 2011, 2013). By
contrast, integrating phylogenetic information into ecology pro-
vides a promising way to explore the ecological, biogeographic, and
evolutionary processes that drive plant assemblies at multiple
spatial scales (Webb, 2000; Graham and Fine, 2008). For example,
at a global scale, phylogenies permit a re-evaluation of the relative
roles of plate tectonics and long-distance dispersal in assemblages
of regional and continental biota (Crisp et al., 2004); at a local scale,
phylogenies permit an examination of phylogenetic relatedness of
species and provide insights into the assembly of biological com-
munities (Webb et al., 2002).
The analysis of phylogenetic community structure attempts to
reveal the relative importance of community assembly processes,
with a primary focus on habitat ﬁltering and competitive exclusione of Plant Diversity.
tany, Chinese Academy of Sciences.
nse (http://creativecommons.org/li
a mega-phylogeny of seed pl
.doi.org/10.1016/j.pld.2016.08(Cavender-Bares et al., 2009). In the most common framework, the
presence of phylogenetic clustering indicates the predominance of
habitat ﬁltering in structuring the community, while the presence
of phylogenetic overdispersion or evenness indicates that
competitive exclusion and niche differentiation are playing a
structural role in a given community (Webb et al., 2002; Cavender-
Bares et al., 2004; Mayﬁeld and Levine, 2010). However, these in-
terpretations depend on a potentially unsafe assumption that
closely related species tend to share similar traits and occupy
similar ecological niches than more distantly related species
(Darwin,1859;Webb, 2000;Webb et al., 2002). This is often termed
‘phylogenetic signal’ (Losos, 2008).
Many empirical studies have documented similarities in
observed ecological traits among closely related species for a vari-
ety of taxa (e.g., Burns and Strauss, 2011; Violle et al., 2011;
Münkemüller et al., 2012). Where ecological traits show a phylo-
genetic signal, meaning that closely related species display more
similar traits than distantly related species, then phylogenetic
relatedness among species has been used as a proxy for ecological
similarity of co-occurring species to infer mechanisms of commu-
nity assembly (Webb et al., 2002; Kamilar and Cooper, 2013).
However, in a review of studies examining phylogenetic signal
of ecological traits, Losos (2008) called attention to several in-
stances where no relationship between evolutionary relatednessPublishing services by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This
censes/by-nc-nd/4.0/).
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(2006) found no phylogenetic signal in the hydrological niches of
co-occurring meadow plants, while Cavender-Bares et al. (2004)
found phylogenetic signal in some traits but not others in Florid-
ian oak communities. The results of these and other studies
reviewed by Losos (2008) caution against using phylogenetic
relatedness as a proxy for ecological trait similarity in the context of
community assembly when those traits show a phylogenetic signal
(Cooper et al., 2010; Baldeck et al., 2013; Yang et al., 2014a).
Most studies that test phylogenetic signal in ecological traits
have focused on a local scale (e.g., Schreeg et al., 2010; Pei et al.,
2011; Yang et al., 2014b) and only a few studies have been carried
out on a regional scale (e.g., Qian and Zhang, 2014; Du et al., 2015).
To better make useful inferences regarding the evolutionary and
biogeographic imprint on present day species co-occurrence, we
need to examine phylogenetic signal of ecological traits on many
regional scales.
The areal-types or distribution patterns of plants are an
important trait for regional plant assemblages because they reﬂect
adaptations of plants to speciﬁc climate, environmental conditions,
and evolutionary history (Wu et al., 2006, 2010). However, whether
there is signiﬁcant phylogenetic signal in areal-types across a
phylogeny that includes all families and genera of plants in a certain
region has not been examined.
China is a hotspot for plant diversity. It has the richest northern
temperate ﬂora in the world, with at least 30,000 species of
vascular plants, over 50% of them being endemic (Huang et al.,
2013). The formation of rich plant assemblages has been attrib-
uted to variety of habitats, unbroken connections from tropical to
subtropical, temperate and boreal forest, and a stable paleoclimate
inﬂuenced less by the Pleistocene glaciations than other temperate
areas such as much of North America (Qian and Ricklefs, 1999,
2000). Based on an analysis of distribution patterns of families
and genera of seed plants in China, Wu established a scheme of
classiﬁcation of areal-types for families and genera of seed plants in
China (Wu, 1965, 1991; Wu et al., 2003, 2006), in which 15 areal-
types were recognized (Table 1).
In this study, the relationship between the evolutionary relat-
edness of co-occurring taxa and the similarity in their areal-types in
China was examined. I ask a central question: are areal-types of
families and genera of seed plants non-randomly distributed across
the Chinese tree of life? I expect that areal-types may have strong
phylogenetic signal across the phylogeny that includes all familiesTable 1
The areal-types of families and genera of Chinese seed plants.
Order Distribution patterns Number of
families
Number of
genera
1 Widespread 48 93
2 Pantropical 91 313
3 Disjunct between tropical
Asia and tropical America
15 41
4 Old world tropics 9 170
5 Tropical Asia and tropical Australasia 9 206
6 Tropical Asia and tropical Africa 6 116
7 Tropical Asia 11 548
8 Northern temperate 39 288
9 Disjunct between eastern
Asia and North America
13 115
10 Old world temperate 1 173
11 Temperate Asia 0 54
12 Mediterranean and western to
central Asia
5 103
13 Central Asia 2 108
14 Eastern Asia 6 285
15 Endemic to China 2 213
Please cite this article in press as: Li, R., Using amega-phylogeny of seed pl
tree of life, Plant Diversity (2016), http://dx.doi.org/10.1016/j.pld.2016.08and genera of seed plants in China. If this is supported, then closely
related taxa have more similar areal-types than more distant rel-
atives, and phylogenetic relatedness may be used as a proxy for
ecological similarity. Alternatively, if closely related taxa have more
dissimilar areal-types than more distant relatives, this would
indicate that areal-types are highly evolutionarily labile, or
convergent.
1. Materials and methods
1.1. Data sources
The family list and genus list of seed plants in China were
compiled utilizing the Flora of China published in 25 volumes by
Wu and his colleagues from 1994 to 2013 (Wu et al., 1994e2013).
The ﬂora represents a comprehensive knowledge of plant taxon-
omy and phytogeography in China. Families and genera that are not
native to China were excluded. I assigned each genus to a family,
following the scope of seed plant families in Zanne et al. (2014). A
total of 2826 genera and 257 families were included in this study.
The areal-types of families and genera of seed plants were
compiled based on the scheme proposed by Wu et al. (2006)
(Table 1).
According to Angiosperm Phylogeny Group's system (APG IV,
2016), families and genera of seed plants were put in ﬁve taxo-
nomic groups: gymnosperms, magnoliids, monocots, superrosids,
and superasterids. Eighteen families and 117 genera, which do not
belong to any of these groups, were put in the “unclassiﬁed” group.
1.2. Phylogeny construction
I constructed a family-level phylogenetic tree and a genus-level
phylogenetic tree by grafting the families and genera present in
China, respectively, onto a backbone phylogenetic hypothesis using
the function S.PhyloMaker (Qian and Jin, 2015) in R 2.15.3 software
(R Development Core Team, 2013) with the ‘phytools’ package
(Revell, 2012). The backbone of the supertree was Zanne et al.
(2014) phylogeny, which is the largest and most up-to-date time-
calibrated species-level phylogeny of seed plants and uses seven
gene regions in addition to fossil data. Given the scarcity of
comprehensive time-calibrated phylogenies within families, I fol-
lowed previous studies to treat genera as polytomies within fam-
ilies (e.g., Hardy et al., 2012; Li et al., 2015a, 2015b).
1.3. Statistical analyses
I used two statistical approaches to determinewhether different
areal-types of families and genera of seed plants are randomly
distributed across the family-level phylogeny and genus-level
phylogeny, respectively. First, I conducted a Chi-square analysis
(Zar, 1984) on the contingency table of areal-types and six plant
groups in the family-level and genus-level, respectively. Second,
areal-types of families and genera of seed plants were treated as
categorical variables, and a sankoff parsimony score and a ﬁtch
parsimony score were separately calculated based on their distri-
bution on the family- or genus-level phylogeny with equal transi-
tion probabilities between areal-types (Maddison and Slatkin,
1991). The observed parsimony score was compared to a null dis-
tribution of parsimony scores derived by permuting areal-types
across the tips of the phylogeny 999 times from which a p value
could be calculated. I then took p value < 0.05 as an indication that
closely related taxa tended to have similar areal-types. Analyses
were performed in R 2.15.3 software (R Development Core Team,
2013) using the ‘picante’ (Kembel et al., 2010) and ‘phangorn’
(Schliep, 2011) packages.ants to test for non-random patterns of areal-types across the Chinese
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Fig. 1. Phylogenies for all the 257 families and 2826 genera of seed plants in China.
Families and genera in the same group (gymnosperms, magnoliids, monocots, super-
rosids, and superasterids) are shown in the same color; unclassiﬁed families and
genera are shown in black color.
R. Li / Plant Diversity xxx (2016) 1e6 3To show the non-random distribution of areal-types across the
family-level phylogeny and genus-level phylogeny of seed plants in
China, ﬁfteen areal-types were divided into three groups (tropical
elements, temperate elements, and widespread) based on a pub-
lished monograph (Wu et al., 2010), in which tropical elements
include areal-type 2 to areal-type 7 and temperate elements
include areal-type 8 to areal-type 15 in Table 1.
2. Results
2.1. Areal-types and phylogeny
A description for the areal-types of families and genera of Chi-
nese seed plants and the numbers of families or genera in each
areal-type are shown in Table 1.
The resulting family- and genus-level phylogenies included all
the 257 families and 2826 genera of seed plants in China (Fig. 1). Of
257 families, eight are gymnosperms and 249 are angiosperms; of
2826 genera, 35 are gymnosperms and 2791 are angiosperms.
2.2. Phylogenetic signal in areal-types
Proportions of areal-types were signiﬁcantly non-randomly
distributed among taxonomic groups (c2 ¼ 116.1, d.f. ¼ 65,
p < 0.001 in family-level phylogeny; c2 ¼ 333.3, d.f. ¼ 70, p < 0.001
in genus-level phylogeny). When the areal-types of families and
genera of seed plants were included in an analysis assessing
phylogenetic signal, the p values of the sankoff parsimony score and
the ﬁtch parsimony score were less than 0.05 (p ¼ 0.003 for both
cases in family-level phylogeny; p ¼ 0.001 for both cases in genus-
level phylogeny). Thus, these results are consistent with that of Chi-
square analysis, and all these results indicate that the areal-types of
families and genera of seed plants exhibited signiﬁcant phyloge-
netic signal across the Chinese tree of life (Fig. 2).
3. Discussion
In this study, I presented a family-level phylogeny and a genus-
level phylogeny that included all families and genera of extant seed
plants in China, respectively. Although the phylogenies generated
in my study were based on the phylogeny of Zanne et al. (2014),
they reﬂect current knowledge about the delineations of, and
memberships among families, and provide time-calibrated branch
lengths for Chinese seed plants. The phylogenies generated in this
study should prove useful for ecological and biogeographic studies
in China.
Ideally, a well-resolved phylogeny with time-calibration
including all species of seed plants in a certain region will help
uncover the evolutionary and biogeographic imprint that poten-
tially explains the assembly processes shaping regional species
compositions. However, it is currently not possible to generate a
molecular phylogenetic tree for an entire region down to the spe-
cies level, due to a lack of sequence data for all species. Thus, bot-
anists and plant ecologists, particularly those who work with large
data sets covering broad spatial scales, have to rely on phylogenies
generated at higher taxonomic ranks such as family- or genus-level
phylogeny. If taxa in study samples are widely spread across major
clades such as orders and families, rather than restricted to a few
clustered major clades in a phylogeny, ecological patterns based on
a family- or genus-level phylogeny may not differ substantially
from those based on a species-level phylogeny. This is especially
true if traits that evolved at deep divisions of major clades play a
more important role than those evolved at shallow divisions (e.g.,
within genera) in driving ecological and biogeographical patterns
(Qian and Zhang, 2014, 2016). As shown in the present study, thePlease cite this article in press as: Li, R., Using amega-phylogeny of seed pl
tree of life, Plant Diversity (2016), http://dx.doi.org/10.1016/j.pld.2016.08areal-types of families and genera of seed plants are signiﬁcantly,
non-randomly distributed and phylogenetic signal of areal-types is
signiﬁcant across the family- and the genus-level phylogeny of seed
plants in China.
Across the Chinese tree of life, closely related taxa have more
similar areal-types thanmore distant relatives, which indicates that
closely related taxa have similar biogeographic and evolutionary
histories. For example, at the family level, Adoxaceae and Caprifo-
liaceae are only two families in the order Dipsacales, which is a
monophyletic clade. Both families are common shrubs (rarely herb)
in many broad-leaved forests across the China and their areal-type
is northern temperate. The close relationship between them is
supported by the shared presence of opposite leaves, tricellularants to test for non-random patterns of areal-types across the Chinese
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Fig. 2. Phylogenetic signal of areal-types across the family-level phylogeny (left) and genus-level phylogeny (right) of seed plants in China. Areal-types are indicated by three colors
in line symbols on branch tips (blue represent temperate elements, red represent tropical elements, and green represent widespread). Families and genera in the same group
(gymnosperms, magnoliids, monocots, superrosids, and superasterids) are highlighted with the same colored rectangles.
R. Li / Plant Diversity xxx (2016) 1e64pollen grains, and cellular endosperm without haustoria
(Donoghue et al., 2001). However, Adoxaceae can be easily distin-
guished from Caprifoliaceae by its actinomorphic ﬂowers, stigmas
lobed, and pollen smooth. In contrast, Caprifoliaceae possesses
more or less zygomorphic ﬂowers, capitate stigmas, and pollen
spinulose (Zhang et al., 2003). The origin of both families was
probably in the northern hemisphere (Beaulieu et al., 2013). Their
diversiﬁcation exhibited a pronounced correlation with movement
into new geographic areas, particularly the dispersal of lineages
into newmountainous regions relatively recently, occurring within
perhaps ca. 10 mya (Bell and Donoghue, 2005; Moore and
Donoghue, 2007). At the genus level, the family Dipterocarpaceae
includes ﬁve genera (Dipterocarpus, Hopea, Parashorea, Shorea,Please cite this article in press as: Li, R., Using amega-phylogeny of seed pl
tree of life, Plant Diversity (2016), http://dx.doi.org/10.1016/j.pld.2016.08Vatica) in China, which are dominant large trees in tropical rain
forests from India and Sri Lanka to West Malesia (Alexander, 1989).
The ﬁve genera are trees that may be recognized by their often two-
ranked and coriaceous leaves with strong and parallel secondary
veins, monochasial inﬂorescences with the ﬂowers have a
conspicuously contorted corolla, and distinctive single-seeded nuts
surrounding by the unequal sepals (Tsumura et al., 2011). Within
the Dipterocarpaceae, only member of the genus Dipterocarpus
possess the trait that calyx in fruit with a distinct tube. Of the
remaining genera of the family, all except for Vatica (reticulate
tertiary leaf veins) possess scalariform tertiary leaf veins. The
genera with scalariform tertiary leaf veins may be clearly differ-
entiated: Hopea has distinct stylopoidum in the ovary, whereasants to test for non-random patterns of areal-types across the Chinese
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shorea can be distinguished from Shorea by its prominently lenti-
cellate bark. On the contrary, Shorea possesses scarcely lenticellate
bark (Ashton,1982; Yulita et al., 2005). The family Dipterocarpaceae
has originated in India and later dispersal to South East Asia-
Malesia after contact of the Indian and Asian plates in the early
Tertiary (Dutta et al., 2011; Shukla et al., 2012).
The scheme of classiﬁcation of areal-types or distribution pat-
terns of families and genera of seed plants has been widely used in
analyzing national and regional ﬂoras of China at various levels and
proved helpful in understanding biogeographical issues, such as
ﬂoristic divisions, endemism and disjunctive distributions (e.g.,
Wu, 1979, 1983; Li and Li, 1997; Wu et al., 2005; Li et al., 2007).
However, previous studies did not examine phylogenetic signal of
areal-types in the context of phylogeny at different spatial scales.
Integrating phylogenetic information, my study has successfully
found signiﬁcant biogeographical patterns with respect to phy-
logenies used, conﬁrming that biogeographical and evolutionary
processes played a role in assemblages of Chinese ﬂora.Acknowledgments
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